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Solanum malacoxylon (Sm) (syn. S. glaucophyllum) is a calcinogenic plant responsible for producing the Enzootic Calcinosis of cattle and sheep in Argentina, Brazil, Paraguay and Uruguay. The disease is characterized by the calcification of soft tissues, especially aorta, heart, lungs, and kidneys (Worker & Carrillo 1967 , Puche & Bingley 1995 , Tokarnia et al. 2000 . The plant is highly toxic for cattle and causes considerable economic losses in one of the most important meat production areas of Argentina (Okada et al. 1977) . Grazing animals in other parts of the world develop a similar disease but induced by other calcinogenic plants (Morris 1978 , Jubb et al. 1993 .
Sm contains high levels of 1,25-dihydroxyvitamin D 3 (1,25(OH) 2 D 3 ) as glycoside derivatives ). In fact, Sm contains not only 1,25(OH) 2 D 3 but also other metabolites, like vitamin D 3 and 25(OH)D 3 (Esparza et al. 1982) .
Bone changes have been studied in natural occurring and experimentally induced calcinosis. Increased bone formation (Döbereiner & Dämmrich 1974 ) and osteosclerosis (Krook et al. 1975 ) have been reported in spontaneous disease. Fibrosis of the bone marrow, endosteal and periosteal hyperostosis, and abnormal formation of ground substance by osteoblasts and fibroblasts were also recorded (Dämmrich et al. 1975) .
It has been shown that bone tissue responds differently when a calcinogenic plant is administered. It has been suggested that the diversity of responses may depend upon exposure time to the plant, species sensitivity and bone type specificity (Barros et al. 1996) .
Many researchers found that the increase in bone mass observed after Sm ingestion may be due to an increase in osteoid production by osteoblasts (Carrillo 1973 , Dämmrich et al. 1975 , Norrdin et al. 1975 , Gimeno 1980 The aim of this study was to describe the bone changes observed after a daily oral administration of the calcinogenic plant Solanum malacoxylon (syn. S. glaucophyllum) (Sm) during 9 days. The Sm-poisoned rabbits had an increase of bone resorption in the endosteal surface of the cortical zone and also in the surface covered by osteoblasts of the primary and secondary spongiosa of the trabecular bone compartment. Moreover, the epiphyseal growth plates in long bones appeared narrower than in the control rabbits, with reduction of the proliferative and hyperthrophic chondrocyte zones. The electron microscopic study revealed a significant decrease of proteoglycans in the hyperthrophic chondrocyte zone evidenced by a significant reduction of rutenium red positive granules in the poisoned rabbit. Altogether, these data suggest that cell differentiation may play a pivotal role in the pathogenesis of Sm-induced bone lesions. (Krook et al. 1975 , Santos et al. 1976 , Gimeno 1980 , Riet-Correa et al. 1987 .
Surprisingly, very few data has been published regarding the Sm effects on cartilage. Santos et al. (1976) have reported retarding effects in both articular and epiphyseal cartilages in growing rabbits. Similar observation were reported in guinea pigs (Ousavaplangchai 1972) and rats (Gimeno 1980) . Microscopic and ultrastructural features have been widely studied in normal and rachitic cartilages (Appleton 1988) . However, as far as we know, epiphyseal growth plate has not been ultrastructurally studied either in hypervitaminosis D nor in enzootic calcinosis.
The aim of this study was to describe the histological findings in bone tissue and in cartilage of the growth plate and to analyse the ultrastructural features of the growth plate abnormalities after a subacute Sm poisoning in rabbits.
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Plant material was collected from several areas of the Province of Buenos Aires, Argentina, and dried at 37°C for 48 h. Leaves were separated from stems and milled to a fine powder. Four white New Zealand rabbits (2-2.5 kg/bw) received 300 mg of dry powdered leaves of Sm orally on daily basis during 9 days. The animals received a commercial diet (Cargill, Pilar, Córdoba, Argentina) containing a concentration of 0.87% and 0.78% of calcium and phosphorus, respectively. The grounded leaves were mixed with water and administered intragastrically with a flexible tube. Two rabbits received a placebo during 9 days and were used as controls. The body weight of each animal was recorded twice a week. Clinical signs were observed and recorded every day. The animals were carefully necropsied. Distal femur, proximal tibia and ribs, and primary and secondary spongiosa were processed for histology. Tissues were fixed in 10% buffered formalin, decalcified with EDTA (ethylenediaminetetracetic acid), embedded in paraffin, sectioned at 5µm and stained with haematoxylin and eosin. For electron microscopy, samples from growth plate of proximal tibia were cut into small cubes of 2-3 mm, fixed in Karnovsky's solution (2.5% glutaraldehyde and 2% paraformaldehyde PBS 0.1M, pH 7.4) containing 0.05% ruthenium red for 2 h. Samples were then washed in buffer containing 0.05% ruthenium red, posfixed in 1% osmium tetroxide containing 0.05% ruthenium red, dehydrated in a gradient of ethanol (50, 70, 80, 90 and 95%) and impregnated in propilen oxidize. Finally, all the samples were embedded in epoxi resin (Poly/Bed 812, Polysciences 18976-2590). Ultrathin sections were cut with a SuperNova ultramicrotome (Reichter-Jung, Austria) and observed using a transmission electronic microscope JEM-1200 FORMER II (JEOL Co. Ltd., Tokyo).
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The Sm-poisoned rabbits showed anorexia, loss of weight and also diarrhoea and rhinitis. On macroscopic examination, small calcified plaques were observed in the entire length of the aorta. Microscopic calcifications, von Kossa positive, were seen in the aorta, heart and kidneys. The histologic examination of the long bones revealed that Sm-poisoned rabbits had an increase in bone resorption areas in the endosteal surface of the cortical bone (Fig. 1 B) in comparison with control bones (Fig. 1 A) . An increase in bone resorption and in the surface covered by osteoblasts were also observed in the primary and secondary spongiosa of the trabecular bone compartment (Fig. 1 D) differing with what was observed in nonpoisoned rabbits (Fig. 1 C) . Mesenchymal metaplasia was observed in the periosteum with the formation of cartilage (Fig. 1 E) .
Growth plates were narrowed and showed an irregular pattern due to a focal or diffuse reduction in the number of chondrocytes in the proliferative and hypertrophic zones. Moreover, disorganized arrangement of chondrocytes and a shortening of the longitudinal septa in the calcified cartilage zone were also observed (Fig. 1 F) .
Ultrastructural studies revealed early degenerative changes in chondrocytes of the proliferative zone, and a reduction in the number and size of proteoglycan granules of the territorial and interterritorial areas in the hypertrophic zone of the cartilage of the growth plate (Fig. 2) . The bones of control animals did not show alterations.
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In the study, the growth plate was irregular and narrow due to a reduction in the number of chondrocytes of the proliferative and hyperthophic zones. This could be explained by an inhibitory effect of 1,25(OH) 2 D 3 on cell division (Walters 1992 ). This feature was described in the skin of Sm-poisoned animals . The decrease in the concentration of ruthenium redpositive granules, particularly in the pericellular region of the chondrocytes was accompanied by an increase in matrix calcification. Ruthenium red-positive granules represent an accumulation of unmodified proteoglycan aggregated from which calcium ions are excluded and so preventing calcification (Appleton 1988) . It has been reported that proteoglycans are completely desegregated prior to cartilage calcification (Campo & Romano 1986 , Yoshioka & Yagi 1989 .
The presence of cartilage in the subperiosteum of the ribs in Sm-treated rabbits can also be explained by the direct effect of 1,25(OH) 2 D 3 stimulus, since mesenchymal metaplasia has been frequently observed in enzootic calcinosis (Collier 1927 , Worker & Carrillo 1967 , Done et al. 1976 , Morris 1978 , Barros et al. 1981 , Tokarnia et al. 2000 .
We have also described an increased bone remodeling in the secondary spongiosa. This finding could be explained by the calcinogenic effect of Sm that enhance bone resorption, by increasing the number and activity of osteoclasts as seen with 1,25 (OH) 2 D 3 (Baylink et al. 1973 , Grise et al. 1990 ). Other researchers (Riet-Correa 1987, Barros et al. 1996) , in contrast, showed that acute Sm-poisoning produces a cytotoxical inhibition of osteocytes, osteoblasts and osteoclasts in cortical bone.
Differences in the bone response to Sm have been observed both in vivo and in vitro. Even a dual effect have been reported in relation to the concentration of Sm purified extract: in vitro studies found a stimulatory effect on bone resorption at low concentrations and a clear inhibition at higher concentrations (Stern et al. 1978) .
Vitamin D metabolites also modulate cell differentiation in cartilage. It has been demonstrated that 1,25(OH) 2 D 3 promotes chondrocytes differentiation of chondrocytes along the endochondral differentiation cascade (Gerstenfeld et al. 1990 ). Prominent areas of chondrocytes were observed in the periosteum of ribs of Sm-treated rabbits, just beneath its outer layer (*). HE, bar 40µm. (F) Proximal tibia epiphyseal growth plate of a Sm-poisoned rabbit. The growth plate was irregular and narrow due to focal or diffuse reduction of proliferative and hypertrophic chondrocyte zones. The primary spongiosa appeared as a dense metaphyseal band of woven bone, and a reduction in secondary spongiosa development was also seen. HE, bar 40µm. Pesq. Vet. Bras. 25(1):34-38, jan./mar. 2005 Chondrocyte response to vitamin D metabolites depends on the state of differentiation. Chondrocytes located at the resting zone respond primarily to 24,25(OH) 2 D 3 , whereas chondrocytes located at the proliferative zone respond primarily to 1,25(OH) 2 D 3 . Vitamin D has direct effects on cartilage and is not mediated by changes in serum or extracellular calcium (Schwartz et al. 1988 , Boyan et al. 1992 . The 1,25(OH) 2 D 3 has been shown to have a number of important functions in the endochondral bone formation cascade. It not only stimulates chondrocyte differentiation but also inhibits cell division in chondrocytes of both resting zone and growth zones (Schwartz et al. 1989) .
The effects of 1,25(OH) 2 D 3 on cell differentiation have been extensively studied in both normal and abnormal conditions, e.g. bone disease, psoriasis, and cancer (Clemens et al. 1983 , Rice et al. 1992 , Walters 1992 , Bikle & Pillai 1993 . Changes in cell differentiation induced by calcinogenic plants have been analysed in skin, aorta and lung , 2004 , Portiansky et al. 2002 .
Altogether, these data suggest that as occurs with 1,25(OH) 2 D 3 (Bikle et al. 1990) , Sm may induce different responses or effects, depending on exposure time to the plant, species sensitivity and bone type specificity.
Our data also suggest that the administration of Sm may induce a derangement of endochondral ossification by affecting cell differentiation in the epyphyseal growth plate and in the primary spongiosa. Alteration in cell differentiation during the intramembranous ossification may also be present because cartilage tissue was frequently observed beneath the outer layer of the periosteum. 
